The existing economics literature neglects the important role of capacity in the production of renewable energy. To fill this gap, we construct a model in which renewable energy production is tied to renewable energy capacity, which then becomes a form of capital. This capacity capital can be increased through investment, which we interpret as arising from the allocation of energy, and which therefore comes at the cost of reduced general production. Requiring societal well-being to never decline-the notion of sustainability favored by economists-we describe how society could optimally elect to split energy in this fashion, the use of non-renewable energy resources, the use of renewable energy resources, and the implied time path of societal well-being. Our model delivers an empirically satisfactory explanation for simultaneous use of non-renewable and renewable energy. We also discuss the optimality of ceasing use of non-renewable energy before the non-renewable resource stock is fully exhausted.
Introduction
For roughly 50 years, economists have debated the concept of sustainability [1] . Much of this literature interprets sustainability as non-decreasing well-being of a typical member of society [2] . To operationalize this concept, much of the existing economic literature employs economic growth models, and adapts the associated results on capital accumulation and resource use to "real-world" data [3] . A general finding is that for future generations to be at least as well off as current generations, society must invest the rent from non-renewable resource use to increase the stock of physical capital [4] . When consumption of a non-renewable resource is associated with pollution, as with fossil fuels, society is motivated to transition to an alternative, more sustainable, resource.
In general, economists have modeled this sort of transition by contrasting resource use from a non-renewable source against the use of a "backstop" technology. The backstop is usually assumed to be able to deliver any amount of energy at a constant marginal cost, which implies the resource use can be expanded to the extent society desires without increasing its marginal cost. For many renewable resources however, the associated marginal cost of production is zero, or close to zero. Most of the costs associated with renewable energies are sunk; it is expensive to build the capacity to generate energy from renewable re-sources [5, 6] . This generating capacity then constrains the amount of renewable energy that is available; to increase renewable resource use, capacity must be expanded.
In this paper, we address this inconsistency in the existing literature by presenting a model that more satisfactorily characterizes the role of renewable energy. Our model focuses on the role energy plays in society's potential to produce goods and services. As with much of the existing literature, energy can be allocated to output production or pollution abatement; our extension allows energy to be invested in the development of renewable resource capacity [7, 8] . We also allow for capacity changes to depend on the stock level, which could reflect learning-by-doing. Working against any increases in capacity is wear and tear from the use of the renewable energy [9, 10] . In this way, our model provides a more satisfactory characterization of the role played by renewable energy in the time path of the typical individual's well-being, and hence the implications for sustainability, than can be found in the extant literature.
The paper is organized as follows. We start in section 2 by reviewing the relevant literature. In section 3, we discuss our model, emphasizing natural resources, the production of energy and its different uses. In section 4, we present a numerical simulation of the model in section 5. We offer some discussion in section 6, and conclude in section 7.
Literature Review
The publication of Meadows et al.'s [11] book Limits to Growth triggered a strident response by mainstream economists [12, 13] . Nordhaus [14] , for instance, points out the dynamic complexities of the mathematical model and more importantly, criticizes the lack of human behavior in the original book and subsequent iterations, particularly responses to economic scarcity. The general spirit was to refocus the debate concerning "sustainability," which has typically been interpreted as the requirement that a typical member of society does not suffer decreasing well-being [1, 2, 15] . Later, inquiries into the sustainability of coal consumption created a firm link between questions of sustainability, however defined, and energy consumption.
In thinking about sustainability, one is naturally led to a consideration of patterns of possibilities over time. The focus in this paper is on human values, as we are economists and that is the nature of economic analysis. The human values in question generate a level of aggregate well-being, or satisfaction; we refer to this as "felicity" in the pursuant discussion, and denote it by U . We interpret "sustainability" as the requirement that felicity never declines [1, 16] .
There is a conceptual link between sustainability and the use of a non-renewable resource whose usage generates pollution [17, 18] . For future generations to be at least as well off as current generations, society must carefully consider the inter-temporal evolution of consumption and resource use. To achieve a sustainable outcome in this situation, society must invest the rent from non-renewable resource use to increase the stock of physical capital [4] .
When consumption of a non-renewable resource is associated with pollution, society is motivated to lower its use of that resource [19] . This motivates a transition to an alternative, more sustainable, resource.
When pollution is linked to non-renewable energy use, the associated social costs are accounted for; this can lead to a phase where both resources are used simultaneously, even though non-renewable energy and the clean alternative (the "backstop") are perfectly substitutable [20] . This feature is also observed by Jouvet and Schumacher [21] , who link the time of the switch to the economy's level of man-made capital. At that moment, society has depleted its natural resource stock, with no potential for simultaneous use. Switching too early would imply forgoing low-cost energy, which helps boost the economy and increases consumption.
Simultaneous use can also occur when the marginal cost of the renewable backstop is increasing. When both the energy demand and the cost of renewable energies are low, society may use renewables only first, then switch to simultaneous resource use before switching again to renewables in either finite or infinite time. Some non-renewable energy stock may be left in the ground, implying a phase in which the economy only uses renewable energies [22] .
Van der Ploeg and Withagen [23] link the initial levels of capital, pollution and non-renewable resource stock to the type of energy used and the order in which they are used. They find that simultaneous energy usage always follows an oil-only economy and only happens as manmade capital is above its carbon-free steady-state level. Oil is never phased out and man-made capital has to be reduced to reach its long-run level; the oil-only economy "overshoots." According to this view, simultaneous use occurs as the man-made capital stock is drawn down. As society currently is using both renewable and nonrenewable energy, their model would require society to be in the process of lowering man-made capital to reach the carbon-free steady-state level, which seems at odds with the real-world.
As we noted above, generating energy from renewable sources is typically constrained by the installed capacity at any given time. In the presence of such constraints, it is entirely possible that there will be a period when both types of resource are used simultaneously. Expanding the renewable capacity would ease this constraint, leading to a period in which the share of renewable resource use rises over time, as society transitions away from the non-renewable resource base.
Such a pattern is fully in line with reality: for example, over the past decade the role of coal in producing electricity in the United States has been steadily shrinking, while the share attributable to wind and solar energy has been rising. Moreover, the presence of capacity constraints implies the need to introduce a second state variable, measuring capacity; this feature is absent from all the papers discussed above. A key innovation in this paper is the introduction of this second form of capital.
An Economic Model
In this paper we adopt a neoclassical economic growth model, and use a "Capital Approach" to sustainability [24] . Our point of departure regards the role energy plays in society's potential to produce goods and services, and the manner in which that energy is itself produced.
We envision a world with two types of energy producing resources. One type of resource is non-renewable; one can think of conventional fossil fuel as a good example. The other type of resource is renewable, for example wind and solar power, or biofuels. We denote the non-renewable resource stock as S and the renewable resource capital stock X. While our conceptualization of a renewable resource is related to the concept of a "backstop technology" in the extant literature, these papers typically assume the backstop will be fully available-i.e., society has access to whatever quantity of the resource as it wishes to use at a given time. We believe this fails to capture a key element: that society must first invest in renewable natural capital before it can access renewable energy.
Society can generate energy through the rate of use of non-renewable natural capital and renewable natural capital. Henceforth, we will refer to the flow of non-renewable natural capital used as "extraction," and denote it by q; we refer to the flow of renewable natural capital used as "harvest," and denote it by h. The quantity of energy produced is described by the energy transformation function
This energy can be allocated to multiple uses, including pollution abatement, output production and renewable resource development. While both non-renewable and renewable resources are capable of producing energy, one is relatively abundant (at least initially) and relatively dirty, namely the non-renewable source.
Extraction of non-renewable capital subtracts from the stock of the non-renewable natural capital S. This evolution through time is described by the differential equation [25] :
Renewable energy is generated by exploiting a renewable natural capital. We also think of the capital as a capacity: although renewable energies-wind, solar, hydro or biomass-are readily available, one needs to invest in this capacity before society can capture the renewable energy [26] . Investment in this capacity is based on the share of total energy e X = s X E(q, h) that is allocated to it, where s X ∈ [0, 1]. We denote the relation between investment in the renewable resource stock and this allocation of energy by the function G(e X ). Although the marginal cost of renewable energies is zero, the cost of the investment in existing capacity is the lost benefits associated with allocating energy to other valuable uses. Using renewable energies causes wear and tear, which causes depreciation [27, 28] . We include that feature by explicitly having the capacity depreciating with the use of the renewable resource, as measured by h. Accordingly, the rate of change in X is summarized by the following state equation:
Non-renewable natural capital can be thought as a measure of the aggregated stock levels of fossil fuels, or other resources that can be used to produce energy, for example uranium. While extraction of non-renewable natural capital generates non-renewable energy, it also entails environmental degradation. Tailings piles, the accumulated residue from mineral extraction, are a prime example. These stockpiled residues decrease utility by their mere presence and may also introduce hazardous mineral elements into the environment [29] . Petroleum extraction is associated with high levels of carbon emissions, and the use of petroleum-derived products can lead to air and water pollution. Another example is the presence of floating patches of discarded plastic in northern and southern Atlantic and Pacific oceans and in the Indian ocean; they pose threats to wildlife and marine ecosystems [30] . In addition, environmental pollution from certain chemicals used in resource extraction can accumulate in the environment and cause disutility.
We interpret these adverse environmental effects as arising from a stock of "pollution", which we denote by P .
We assume that pollution is an increasing, convex function of non-renewable resources extraction J(q). Mitigating this pollution requires the expenditure of effort and energy into "abatement" A. Letting s A represent the share of energy directed into abatement, we write the level of abatement as A s A E(q, h) . Altogether, then, the evolution of the pollution stock is described by:
Felicity depends on the flow of aggregate consumption, C, as well as the effective capacity of renewable resources to produce energy X-which we often refer to as "renewable natural capital" in the pursuant discussion -and the stock of pollution, P . The production of goods and services also opens up the potential to increase the stock of what we refer to as physical capital, K, itself an important input into the production process. The amount society invests in physical capital equals the difference between output, F (K), and consumption, C. Because all output will be consumed or invested, we need only discuss one of the two; here, we focus on the optimal time path of consumption. Physical capital is prone to depreciation, at the rateδ, so that the evolution of the physical capital stock is described by the differential equation:
By adding to physical capital, current generations can create a potential offset to accumulated pollution, which might then allow future generations to enjoy a level of wellbeing at least as large as that of the present. But as the non-renewable natural capital stock is drawn down, actions must be taken to facilitate its replacement, by building up the renewable natural capital stock.
In a conventional growth model, society allocates output to consumption or investment. In our interpretation, energy-a key input into the production function that generates output-is directed to productive purposes or to increase the effective renewable natural capital stock. One can think of energy as facilitating maintenance, which serves to offset some of the depreciation that arises from use of windmills or solar panels (as discussed in [6] ), or as investment into new structures. These efforts can either be helped or hindered by the level of existing stock of renewable resources [27, 31] .
We envision a central decision-maker, or "social planner," who is charged with promoting the well-being of society for all time. The social planner evaluates the level of felicity at every moment, weighting each contribution depending on the time at which the felicity is generated. In this regard, she uses an inter-temporal social discount rate,r [32] [33] [34] . The social planner's task is to select a time path of consumption level, energy allocation and resource uses so as to maximize the discounted flow of felicity over an infinite horizon. The planner's decision problem is constrained by equations that describe the evolution of the capital stocks.
Numerical Simulation
To focus on the broader features of our model, we conduct a numerical simulation [35, 36] . To operationalize this simulation, we start by specifying the various functional forms in the model.
Given the chosen parameters and functional forms, society gradually shifts from using non-renewable to renewable energies, eventually abandoning the use of the former. This transformation occurs even though the non-renewable resource is still plentiful. Accordingly, we split our discussion between the phase where non-renewables are used and the phase after their use ends. A particular focus of our analysis of the post nonrenewable resource phase is its long term equilibrium and stability. Modelling the effective capacity of renewable resources to produce energy as a state variable, and capturing capacity constraints, impacts this long run equilibrium. For the steady-state level of renewable resource to be positive, society has to be relatively averse to intergenerational inequity.
We assume the utility function is non-separable in consumption C, the renewable resource stock X and pollution stock P [37, 38] , with [39, 40] :
The ratio of X over P can be thought of as a sort of "green index". For instance, if X is measured in units of CO 2 generated from non-renewables and P is the CO 2 concentration level, X/P would represent the fraction of avoided CO 2 emissions associated with the use of renewable energies.
A key feature of our model is the presence of two types of energy, non-renewable and renewable energies. We adopt the linearly additive energy-generating function:
so that renewable and non-renewable resources are perfect substitutes in the total generation of energy.
We set the functional relation between energy investment and renewable resource capital as G(e X ) = (e X )
.5 so that energy increases renewable natural capital, but at a decreasing rate. the functional relation between energy and abatement as e A = s A E(q, h) = s Y (q+h). We assume the relation between non-renewable resource extraction and contributions to the pollution stock is given by J(q) = q 2 2 . Finally, we set the depreciation rate of physical capital K at δ = 5%, and the discount rater equal to 0.0014.
Noting that the share of energy allocated to production is 
Simultaneous Use
We start off by analyzing a scenario in which society initially uses both resources; after time, society may switch completely into green energy [41] . Over time, the use of non-renewable energies decreases as society gradually switches to renewable energies. Since extraction of non-renewable physical capital is initially positive, the associated stock S decreases until time τ , where q falls to zero. In this particular simulation, non-renewable energies become virtually irrelevant by τ = 1.87 [42] . This represents a corner solution which is an interesting feature in economic growth models: it may become optimal to completely stop using non-renewable energy and in favor of sustainable energy from renewable resources. The fact that this path involves such a corner solution is a direct consequence of the perfect substitution between the two natural resources.
The shares of energy allocated to renewable natural capital and abatement decrease over time, implying that the share allocated to output increases. These effects are mirrored in the paths of total energy allocation. While there is a monotonic decrease in the use of non-renewable energies, this need not preclude growing felicity as Figure 1 illustrates: In our simulation, switching to renewable energies is associated with continuously expanding felicity and consumption over time.
At time τ = 1.87, the values for each state and controls are: C = 0.789; h = 0.629; K = 2.197; X = 3.471; s Y = 0.595. In the pursuant discussion, we use values similar to these to illustrate how society can achieve a long-run stable outcome. We now analyze the effect of variations in the discount and capital depreciation rates, as well as variations in the initial values of pollution and renewable resource stock, on the time of the switch τ toward renewable resources. As in [23] , we find that increasing the discount rater (here, from 0.0014 to 0.05) postpones the time of the switch τ (from 1.87 to 2.02). A higher discount rate implies that the future is discounted more, and hence is less important in today's decision. This induces a postponement of the switch to renewables, since the discounted costs from higher future pollution are given smaller weight.
An increase in the rate of depreciation of capital also leads to a postponement of the switch. Whenδ increases from 0.05 to 0.10, τ increases from 1.87 to 1.96. Since capital depreciates faster, society must increase its use of non-renewable resources to compensate for lower future capital stocks.
Altering the initial values of P and X also lead to different scenarios. A lower initial level of pollution (e.g., P (0) = 20 instead of 24) would also postpone the time of the switch to renewables (from τ = 1.87 to 1.89). As society has a distaste for pollution, lower levels of P permit longer extraction of non-renewables. An increase in the initial stock of renewables, e.g. raising X(0) from 10% to 50% of the steady-state value of X, would induce society to suspend its use of renewables altogether at τ = 0.489. But this suspension can only be temporary, as the disutility from pollution will increase ever-more rapidly, while the stock of non-renewables will decrease more rapidly. Accordingly, at some point in the future, society will start resume its use of renewable energies, possibly alongside non-renewables before phasing the latter out [20] . Given the exhaustible nature of the non-renewable natural capital, society must ultimately fully switch to using renewable resources.
The Post-Non-Renewables Phase
We now turn to the phase in which society is no longer using non-renewables-a situation that some might regard as a sustainable outcome. During this phase, society could still be abating pollution from previous nonrenewable resource use, with s A > 0; this will depend upon society's distaste of pollution. Given our functional forms, it is possible to find analytical solutions for the steady-state values in this phase. Based on the chosen parameters, one may determine the steadystate values of each relevant state and control variables [43] :C = 0.94;h = 0.5;K = 3.49;X = 30.13;s Y = 0.5.
For society to reach that steady-state, the path it selects must follow the stable branch after society stops using the non-renewable resource [44] . Figure 6 shows the stable trajectories for felicity U, capital K and the renewable resource stock X for five scenarios; the steady-state is represented as the black dot in the centre. The trajectory identified by circles shows the case for which both X(0) and K(0) are each half their steady-state value, which we refer to as "scenario (i)" in the discussion below. Figure 6 also includes trajectories corresponding to the following scenarios: scenario (ii) sets K(0) = 0.5K and X(0) = 1.5X; scenario (iii) sets K(0) = 1.5K and X(0) = 0.5X; scenario (iv) sets K(0) = 1.5K and X(0) = 1.5X. Trajectory (v) starts at the off-center diamond, which corresponds to values of the state and control variables close to those obtained at τ = 1.87 in the simulation from Section 4.1 [45] . This point shows an unsustainable level of utility, as consumption C, harvest h and the share of energy to output are all too high when compared to the their values should society be on the stable arm leading to the steady-state. Because the levels of X and K cannot be instantaneously adjusted, society has to lower consumption C (from 0.75 to 0.69) and renewable resource use h (from 0.63 to 0.35). This adjustment allows society to redirect some energy to increasing renewable natural capital, by reducing s Y (from 0.59 to 0.35). But this shift causes a one-time loss in felicity, as represented by the arrow on the graph [46] .
As Figure 6 illustrates, any trajectory starting from initial values of X and K that are larger than their steady-state value would imply that felicity declines at some point. Thus, only scenario (i) is sustainable; the other scenarios represented in Figure 6 are not sustainable. Thus, a necessary condition for sustainability is that the initial values of X and K are smaller than the corresponding steady-states. But there are trajectories with a small initial value of K that is not sustainable, so the condition is not sufficient. We illustrate the point in Figure 7 : there, we see that for some values of K below the steady-state levelK felicity decreases for a period (though it ultimately would increase as we moved closer to the steady-state). 
Policy Simulation
In this sub-section, we provide a numerical simulation to illustrate a potential policy-relevant application of our analysis. This simulation investigates the long-run effects of a moratorium on renewable natural capital expansion. The obvious benchmark against which this simulation should be compared is scenario (v) in Figure 6 . In the benchmark, it takes 69 years to be within 5% of the steady-value of capital K. Hence, at t = 69: K = 3.32; X = 12.66; U = 0.07.
Imagine that for ten years, society reinvests just enough energy s X to maintain the initial stock of X. This could be interpreted, for instance, as a moratorium put in place by a newly elected government, perhaps as a result of a decision to favor conventional energy use. The benefits of this policy are short-run increases in the levels of man-made capital and welfare; for example, the level of K reached after 24 years in the benchmark scenario is reached after only 10 years under the moratorium scenario. Welfare is higher under the moratorium than in the benchmark scenario for the first 10 years. As the moratorium ends, society resumes the expansion of X by increasing s X . This has the effect of lowering s Y and lowers output generation Y , which in turn lowers consumption and felicity. But this result is inconsistent with our concept of sustainability. To reach the values of K, X and U found at the 5% threshold ofK, it takes an overall of 79 years in the moratorium case, as compared to 10 years in the benchmark. The long-run effect of the moratorium is clear: A 10 year moratorium delays the time it takes to reachK by 10 years. Because society derives welfare from renewable natural capital-it is a valuable asset to society-it is better for society to start investing in it straightaway, as opposed to delaying for a period of time.
Imperfect Substitution Between Energy Inputs
Our numerical simulations assumed perfect substitution between renewable and non-renewable resources in energy generation. In practice, renewable energies are subject to intermittency and storage constraints which can inhibit substitution. That said, one would expect that it is possible to produce some energy even if q = 0 [47] . For it to be possible to generate energy if society no longer relies on non-renewable resources, i.e. E(q = 0, h) > 0, one of two scenarios would obtain: Either non-renewable capital would be exhausted in finite time, as in Section 4.2, or society would have to manage its use of both types of natural capital so as to asymptotically converge to the post non-renewable resource steady-state. In the second situation, non-renewable resources would be gradually phased out in favor of their renewable alternative. Thus, the steady-state values of physical and renewable natural capital, consumption and energy shares correspond to post non-renewable regime we discussed above, whether society switches to renewable energies in finite time or infinite time [48] .
Discussion
The existing economics literature on sustainability and energy use typically assumes that energy from renewable natural capital can be bought at a fixed price, with no other constraint. This assumption is quite strong, particularly from the social planner's standpoint, as it ignores the dynamic aspects of renewable natural capital and its accumulation. It also commonly leads to an empirical prediction that is at odds with reality: that society will use the non-renewable energy resource exclusively up to a certain time, at which point it will switch to using renewable energy exclusively. In light of this empirical awkwardness, some authors have adapted their modeling framework, for example by having the incremental cost of renewables rise with its use, but again that is inconsistent with reality. An alternative approach, which in our view is the most natural way to extend the analysis, is to impose limits on the magnitude of renewable energy use in accordance with a capacity constraint. This constraint arises from a capital stock that facilitates the exploitation of renewable energy. With this interpretation, for society to reap the benefits from the renewable resource it has to continually invest: While delaying investment yields a short increase in welfare, this increase dissipates quickly. In addition to producing a more empirically satisfactory explanation for simultaneous use of non-renewable and renewable energy, we also find that it can be optimal for society to cease use of non-renewable energy, switching to the exclusive use of renewable energy, even though the non-renewable resource stock is not fully exhausted [49] . Important policy implications emerge from this framework. Although we did not discuss the manner in which society determines the allocation of resource bases to energy production, we can envision a number of approaches. Society could impose standards that require a certain level of usage of renewables, as with Renewable Performance Standards-popular in some US states. Or society could adopt a tradable permit scheme for carbon emissions, as with the EU's emission trading system. A third option is to invoke a carbon tax-as in the Canadian province of British Columbia-which raises the cost of (non-renewable) fossil fuels. The presence of a capacity constraint on the use of renewables would suggest that none of these policies can induce increased renewable production in the moment (as the capacity constraint would preclude such expansion), though it seems likely to encourage increased investment in renewable capacity-and perhaps research into new innovations [50] ). In this regard, the financial rewards associated with avoiding the carbon tax would seem pose an attractive incentive in a decentralized economy, such as that found in most Western countries. In addition, we find that a short period in which renewable energy development is put on hold-as one might envision occurring under the newly elected U.S. President Trump-can cause a dramatic delay in the time it takes to reach long-run equilibrium.
Throughout the paper, we have assumed that felicity is not separable: additional felicity from marginal consumption is directly affected by the stocks of renewable natural capital and pollution. The more society cares about renewable natural capital, the higher is its steady-state value [51] . Moreover, for a non-zero steady-state level of renewable natural capital to exist, society must be sufficiently willing to trade today's consumption for tomorrow's consumption; this can be interpreted as the need for society to be averse to intergenerational inequity. This is because society can only increase the stock of renewable natural capital by reducing energy used in current output production, which lowers both output and consumption today. The non-linear relationship between consumption, pollution and the renewable resource stock imply that none can be analyzed independently, their evolution through time and their long-run values are linked. The time when society starts using renewable energy is determined by the relative magnitude of the shadow price of pollution and the shadow value of each resource stock. The evolution of each of these components is dictated by society's preferences and the initial levels pollution as well as man-made, non-renewable and renewable capital.
Returning to the discussion in section 4.2, a necessary condition for sustainability is that the initial levels of X and K are smaller than their respective steady-state values, e.g., scenario (i). Any trajectory that requires a reduction in one of the state variables is unsustainable, as is any scenario that requires society accept a reduction in output, as when it ends a moratorium on renewable capital accumulation.
Concluding Remarks
In this paper, we investigated the role of energy in sustainability in a model where nonrenewable energy contributes to a pollution stock, and where the use of renewable energy requires the endogenous development of a stock of renewable capital. Societal well-being, or "felicity", is larger the larger is either consumption of the stock of renewable resources, but is decreasing in the level of pollution: people like to consume and enjoy the environment for all the different kinds of ecological services it supplies, but dislike pollution. Felicity is also assumed to be non-separable in consumption and the remaining renewable resources. Renewable and non-renewable resources are used to generate energy, which can be used to increase the regeneration process of the renewable natural capital, to abate pollution that comes with the use of non-renewable energies or to increase output. Interpreting sustainability as the restriction that felicity never decrease as time goes by, we find that consumption and the stock of renewable natural capital grow faster than the stock of pollution, each weighted by their respective marginal effect on utility.
We illustrate some important properties of the model by use of a numerical simulation. In the example we analyze, it is optimal to completely switch from non-renewable to renewable resources in energy production. This transformation allows energy to be directed away from abatement, which facilitates a perpetual increase in consumption, thereby allowing continual growth in felicity. In the post non-renewables phase, we find that the system dynamics are saddle-path stable in a neighborhood of the steady-state. We also find that the steady-state level of renewable natural capital depends on the society's elasticity of inter-temporal substitution in consumption. We also note that it takes a relatively long time to get close to the renewable natural capital steady-state in our simulation, suggesting that society must take a long view of the resource allocation problem. Finally, we observe that a moratorium on investment in renewable resource capital accumulation is unsustainable, as there will be a reduction in output-followed by a decrease in consumption and felicity-when the moratorium is removed.
